Objective-Much recent research has focused on nonhormonal treatments for menopausal hot flashes. The purpose of the present study was to determine the effects of 5-Hydroxytroptophan (5-HTP), the immediate precursor of serotonin, upon menopausal hot flashes. Selective, serotonergic, reuptake inhibitors (SSRI's), which increase the amount of serotonin in the synaptic gap, have shown some promise in the amelioration of hot flashes.
Introduction
Hot flashes are the most common symptom of menopause and affect millions of women worldwide. Although hormone replacement therapy is the most effective treatment for them, many women presently choose not to receive it due to concerns about its risks. This has stimulated research on nonhormonal treatments [1] .
*Corresponding author at: Departments of Psychiatry and Behavioral Neurosciences and Obstetrics and Gynecology, Wayne State University School of Medicine, C.S. Mott Center for Human Growth and Development, 275 E. Hancock, Detroit, MI 48201, USA. Tel.: +1 313 577 1857; Fax: +1 313 577 8382. aa2613@wayne.edu. Author contributions Robert R. Freedman has designed the study, performed the literature overview, and has written the manuscript.
There is a pending U.S.A. Patent No. 60,741,376, "Miniature, Hygrometric Hot Flash Recorder," on the device described herein. Robert R. Freedman is the President and CEO of Biomedical Monitors, LLC, Ann Arbor, MI, USA, the firm that manufactures and sells the recorders.
Work conducted in the author's laboratory has shown that hot flashes are triggered by small elevations in core body temperature acting within a reduced thermoneutral zone [2] . Thus, women with hot flashes both sweat and shiver more readily than women without them.
The reduction in the thermoneutral zone is caused, in part, by elevated brain norepinephrine [3] . This is supported by work showing that clonidine, a α 2 -adrenergic agonist, reduces brain norepinephrine and hot flash occurrence [4, 5] . Conversely, yohimbine, a α 2 -adrenergic antagonist, elevates brain norepinephrine and provokes hot flashes [4, 6] .
Animal studies have shown that serotonin in brain generally works in opposite fashion to norepinephrine [3] , suggesting that elevation of brain serotonin should ameliorate hot flashes. Indeed, recent studies of selective, serotonergic, reuptake inhibitors (SSRI's), which increase the amount of serotonin in the synaptic gap, have demonstrated amelioration of hot flashes. For example, a double-blind study of 151 women with hot flashes showed that paroxetine 10 mg/day reduced hot flash frequency by 40.6% compared to 13.7% for placebo and that paroxetine 20 mg reduced hot flash frequency by 51.7% compared to 26.6% for placebo [7] . A double-blind study of 707 women found that desvenlafaxine succinate 100 mg/day reduced hot flash frequency by 64% compared with 29% for placebo [8] .
Tryptophan is the amino acid precursor of serotonin. Once in the CNS, tryptophan is converted to 5-Hydroxytryptophan (5-HTP) and then is decarboxylated to serotonin (Fig. 1 ). The levels of some neurotransmitters can be elevated by increasing the dietary supply of their precursors [9, 10] . Oral administration of L-tryptophan produces increases in serotonin synthesis and release in brain. Therefore, in the present investigation, we sought to determine if oral administration of 5-HTP would result in significant declines in hot flash frequency compared to placebo. There have been no prior trials of this type.
Materials and Methods
Subjects were 24 postmenopausal (12-months amenorrhea) women who reported at least six hot flashes per day. They were recruited using advertisements in local newspapers. They were required to be free of any antidepressant drug, any hot flash treatment drug or supplement (soy, herbs) and to report no history of diabetes, glaucoma, bladder cancer, or cataracts.
Sample size was determined in the following manner:
Based on our previous work [11] , we assumed the variability in hot flash frequency to be 25% and the placebo response rate to be a 20% decline from baseline (100%). A power analysis, based on these assumptions (n Query Advisor), showed the power to find a significant difference between the active treatment and placebo would be .99 with n = 24 and P = .05.
5-HTP was purchased from the manufacturer (Orthomolecular Products, Stevens Point, WI, USA) in 50 mg capsules. A certificate of analysis, provided by the manufacturer, demonstrated that the 5-HTP conformed to all FDA specifications. These were rebottled into coded, blinded bottles with identical placebo capsules by Nathan Worthing, R.Ph., Pharm.D. (Clark Professional Pharmacy, Ypsilanti, MI, USA). He retained the code and could be contacted at any time if it was necessary to unblind the study. Subjects were randomly assigned to receive 5-HTP or placebo using a computer-generated code by Dr. Worthing. The dose of 5-HTP was recommended by a physician who is a consultant to NIH and an expert on the use of this compound based on clinical experience.
Hot flashes were assessed using a recorder developed by the author (Flashmark Pro; Pending U.S.A. Patent No. 60,741,3760) [12] . The device counts hot flashes by measuring humidity on the chest. There is no electrical connection to the body. The device contains a humidity sensor, microcontroller, flash memory, and 1.5 volt hearing aid battery. The adhesive collars are made from an FDA-approved material (3M #5122). There are no known risks to this device.
The study was approved by the Medical Institutional Review Board, Human Investigation Committee, Wayne State University School of Medicine, in Detroit, MI, USA.
Subjects were first interviewed by the author, who determined if they met the screening criteria. Written informed consent was obtained using procedures approved by our Institutional Review Board. Subjects were paid $300.00 USD for their participation.
Subjects were then shown the recorder. They were instructed to attach it over the sternum, to remove it prior to bathing, and to reattach it afterwards using circular adhesive collars supplied by us. They were told to wear the recorder continuously except while bathing. Subjects were then sent home for one week.
Subjects then came to the laboratory and returned the recorder. They were given a blinded bottle of capsules to be taken three times per day with meals. After three weeks, subjects returned to the laboratory to receive the recorder for one more week. They continued taking the capsules during this period. At the end of one week, subjects came to the laboratory to return the recorder and pill bottle. We did not query the subjects regarding their hot flashes.
Data were downloaded from the recorder and hot flashes counted using a computer program developed by Kolar Engineering (Royal Oak, MI, USA). A hot flash was defined as a change in relative humidity of at least 3%/minute. We have validated and published these methods [12] .
Group differences in age, BMI, and years postmenopause were analyzed using unpaired t-tests. Hot flash frequencies were analyzed using a 2-way (Group X Pre/Post), repeated measures ANOVA. The minimum level of statistical significance for all analyses was P <.05.
Results
There were no significant group differences on any demographic variable (Table 1 ). There were no significant effects whatsoever from the analysis of hot flash frequencies (Table 2) . A power analysis performed on the data in Table 2 showed a power of only .21 for the Group x Pre/Post interaction effect. Thus, the effect of 5-HTP upon hot flash frequency relative to that of placebo was very small. No subjects withdrew from the study. It was not necessary to unblind the pill bottles during the conduct of the study.
Discussion
In the present investigation, we failed to find a significant effect of 5-HTP upon menopausal hot flash frequency. Indeed, a power analysis showed that this effect was very small. What could account for this?
All of the studies showing that 5-HTP can elevate brain serotonin were conducted in rats and cats [9] . It is possible that these findings cannot be validly extrapolated to humans. Second, the dose that we administered (150 mg/day) is at the low end of the therapeutic range [9] . We did this to minimize the occurrence of undesirable side effects (e.g., dizziness, sedation, dry mouth). It is possible that the use of a higher dose might have achieved a significant reduction in hot flash frequency.
A strength of the present study was its use of an objective outcome measure, a miniature, electronic hot flash recorder [13] . This device requires no interventions from the subject to log hot flashes. Most hot flash treatment studies have used diary methods as the major outcome measure. There are several problems with diaries. Patient noncompliance and false compliance are major sources of error and bias [14] . Furthermore, hot flashes occurring during sleep are not accurately reported because recall of these events is often poor and most hot flashes do not produce full awakenings [15] . Finally, placebo effects as large as 40-50% occur with selfreport [16] . These factors make self-report a problematic measure of therapeutic efficacy.
One study [17] compared subjective hot flash reports (event marker and diary) with a continuous electronic method (sternal skin conductance) during 24-hour ambulatory monitoring. Diary hot flashes were underreported by a factor of over 50%. The probability that a woman would report a hot flash by diary or event marker was 36%-50% during waking and 22%-42% during sleep. A more recent study was conducted in men who had hot flashes due to endocrine treatments for prostate cancer. Hot flashes were recorded using ambulatory monitoring of sternal skin conductance level, an electronic event marker, and twice daily diaries. In agreement with the results cited above [18] , diaries yielded the lowest hot flash rate.
The present investigation is clearly limited by its small sample size and, therefore, must be considered preliminary in nature.
Conclusions
In conclusion, the present investigation found no significant effect of 150 mg/day of 5-HTP upon hot flash frequency measured with an electronic recorder. Further research using higher doses would be of interest. 
